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INTRODUCTION 

The  Aerojet-General  Corporation  is  engaged  hi  the  development  of 

an  armored  crow  seat  for  the  Bell  UH-1B/D  aeries  helicopters  It 

le  required  that  the  armored  seat  developed  in  this  program  protect 

the  seat  occupant  against  impact  at  least  aa  well  as  th®  standard 

UH-1B  crew  seat.  To  show  compliance  with  this  requirement,  a 

test  program  was  initiated  in  May  1965  during  which  the  armored 

seat  and  a  standard  UK -ID  crew  seat  were  subjected  to  controlled 

% 

vortical  impacts.  Measurements  of  the  vertical  accelerations 

applied  to  the  neats  and  their  occupants  were  recorded.  Study  of  the 

recorded,  date  and  high-speed  motion  pictures  prov?dod  «  baaiis  *or 

comparison  of  the  dynemis  reaponse  of  the  seat -occupant  systems 

* 

and  the  forces  transmitted  to  the  coat  occupants. 


This  report  presents  the  results’  of  two  tests  t»f  a  redes  igaed 
armored  crev  neat  conduced  ?.Y  J&nuuvvy  l966  by  Aviat*. .««  Safety 
Engineering  and  Research  iAvSICi'.Jr,  a  DJvf.urc'.i  of  Flight  Safety 
Foundation,  lucv.rp* rat fhe  of  thie-  £ cvUr  of  to -its  »ira 

compared  vith  the  result!  of  the  firs»4  ►•-jries  of  tests  completed 
21  May  1963 


l 


The  remits  of  the  first  series  of  tests  conducted  under  this  program 

are  presented  in  AvSER  Report  M65  -24,  4  June  1965.  The  second 

test  series  is  rep  orted  in  AvSER  Report  M66-1,  18  January  1966. 

TEST  OBJECTIVES 

The  objectives  of  this  test  series  were: 

1.  To  determine  the  response  of  a  redesigned  armored  crew  seat 
under  15G  and  5G  vertical  impact  conditions. 

2.  To  compare  the  response  of  the  redesigned  armored  seat  with 
the  response  cf  a  standard  UH  -  ID  crew  seat  tested  in  May  1965 
under  the  same  conditions. 

TEST  PROCEDURES 

The  following  procedures  were  followed  tc  conduct  this  teat  series. 

1.  The  AvSER  vertical  drop  tower  I  -cility  was  modified  to 
accept  the  single  test  article.  This  modification  included  the 
addition  of  ballast  weight  to  bring  tho  total  weight  of  the 
drop  cage  and  test  articles  to  1,  680  pounds.  This  ballast 
compensated  for  the  weight  of  the  UII  ID  seat  and  dummy 

tr •stalled  lu  the  fvrot  series.  Of  this  weight,  the  axmored 
seat  accounted  for  approximately  13?  pounds,  the  dummy  occupant 
186  pounds,  and  the  drop  cajjw  t-.nd  ballast  weighed  1,357  pounds . 

2.  Ihotrumentai'xor.  transducers  were  int  ballad  the  drop  cage, 
on  the  seat  frame,  and  in  Vh-i  dummy  occupant. 
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3.  Two  high-speed  mo  vie  cameras  (500  frames  par  second)  were 
ins  tailed,  providing  a  front  view  And  3  45°  side  view  pi  the 
seat  and  dummy  during  the  ieeta. 

4.  The  armored  seat  and  dummy  occupant  were  .installed  hi  the 
drop  cage  and  hvo  drop  te&te  wore  conduced. 


TEST  CONDITIONS 

The  teat  conditions  specified  by '  Aerojet-. Getter. *>1  celled  for  vertical 
impacts  at  the  following  acceleration  levels: 

Test  No.  I  -  15G  peak  deceleration  half  sine  wave  puluo, 

0.  05  second  duration 

Teat  No  2  •»  5G  peak  deceleration,  half  sine  wave  pule  3, 

O.  05  second  duration. 


TEST  XNBTHUM15N TATION 


Transducers 

W  «A  n  ».««-■•(  .MM-i  w# 

The  tranadneore  used  in  this  tort  series  were  St&tbam  Instruments 
Model  A5  aceeVrcmatero.  Those  are  e train. gage  typo  instrument  5 
which  provide  a  frequency  respttaic  in  creese  of  ?.C0  cycle.*  per 
second.  Ty  ,n«;»Uuce»*e  were  fnctellud  at  the  following  locations  to 
measure  voittor.l  rccolcrMfon: 

1 .  IV-.sp  Cvigu  Jrt-  un.-!. 

2.  Arm ur«d  Gant  Frr.mo  Urgfct 

3.  Avuwm<?  S.mft  Prr-m*  -  Lwffc 


;>  .»•  »*.  . *  •  •  V 


4,  Armored  Seat  Occupant  «  Pelvic 

5.  Armored  Seat  Occuu&ut  Head 


Electronic  Data  Recording  System  .. 

The  measurements  listed  above  were  recorded  on  a  magnetic  tape 
recording  system.  This  system  utilises  a  constant  bandwidth  FM/FM 
multiplex  modulation  technique  in  which  the  analog  signal  from  the 
transducer  Is  converted  by  a  subcarrier  oscillator  into  a  frequency 


davlatlou  proportional  to  the  input  signal  amplitude.  Seven  of  these 
subcarrier  oscillator  tutputs  are  combined  in  a  mixer  amplifier, 
and  the  resulting  composite  signal  is  then  recorded  on  one  track  of 
a  14  track  tape  recorder,  in  this  test  series  ths  data  obtained  from 
each  tost  w.a  recorded  on  one  track  of  the  tape  recorder. 


Electronic  Data  Processing  System 

Tu;  data  recorded  on  the  data  recording  system  was  recovered  by 

utilising  a  cc mpatlble  data  p  voce  tn»  hag  system.  In  this  system  a  tape 

playback  mrvcliln*  removes  the  composite  signal  from  each  track  of 

the  tuflfe  taps  sad  processes  it  tivough  a  serial,  of  FM  discriminators. 

These  discriminatory  separate  the  composite  signal  into  various 

ouucarricr  freqivjoey  deviations.  Thebe  frequency  deviations  are  the  a 

converted  to  r.n  analog  signal  which  it*  recorded  on  an  oscillograph 

•  . 

plotter.  The  resulting  oscillograph  record  to  Chen  available  as  an 
ano  og  tun,-  hiateiy  plot  at  the  recorded  parameter. 
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Photo  Iurttourrtsn-.itton 

Photographic  instrumentation  wan  provided  by  two  Ffeotonenicr  IB 
16  mm  motion  picture  cameras  operating  at  approjcim&tsiy  500 
frames  per  second.  Timing  and  correlation  wan  provided  to  aid 
in  analysing  the  motions;  of  the  seat  and  occupant  and  correlating 
this  motion  with  the  accelerations  measured  during  each  test. 

TEST  RESULTS 
General 

Examinatkn  of  the  results  of  those  two  drop  tests  indicates  that 
the  data  from  these  tests  are  comparable  with  the  data  obtained  from 
the  earlier  test  series.  Measurable  permanent  deformation  of  the 
seat  structure  occurred  during  the  15G  test.  This  deformation 
was  slight,  however,  and  did  not  detract  from  the  protection  afforded 
the  occupant  in  this  test  usriee.  In  both  teats  o£  this  ucriea  tbs 
occupant  remained  upright  and  well  restrained. 


A  summary  of  ths  data  obtained  from  three  test n,  along  with  n  summary 
of  the  data  from  the  earlier  testa  t*  presented  in  Table  I. 


Pro-  and  post-toj-’i.  photographs  of  Test  No.  1  are  presented  in 
* 

Figures  1  through  6.  Thatiu  photographs  *-.>•«  considered typical 
bf  tha  eossplnte  Lerics.  The  ar.ee  1  e rati to-ti '  n  s  Maturing  of  data 


recorded  duriug  ;*»Ju  test  program  L»  pro.  cut*: d  in  Ftgr.r.*o«  l£  through  11. 


The  acceleration -time  historic;#  of  t’«  dab;  recorded  during  tlse  January 
1966  test  program  is  presented  in  Appendix  A.  Append  x  B  contains  the 
accelerometer  dat*.  recorded  divoiv.g  the  May  1965  tsat  t  eri.o«  . 
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Data  Analyr  ■  •  Taat  Mo,  1  (15G  Accel^r^tif.n): 

The  input  acceleration  pulre  (drop  cage  acceleration)  achieved  in 
thin  test  is  similar  to  the  input  acceleration  La  the  May  1965  15G 
test,  eo  that  a  cennparieoa  may  be  made  between  the  results  of  j 

•  thi«  test  and  the  eo’dier  one. 

' 

Figure  7  presents  superimposed  curves  showing  data  obtained 
from  the  15G  tests  of  each  test  series.  Measurements  of  drop 
cage  acceleration,  seat  acceleration,  and  occupant  pelvic 
acceleration  are  included,  to  provide  direct  comparison  of 
the  reaulti  obtained  from  the  three  tests. 

The  armored  seat  occupant  experienced  a  single  acceleration  pulse 
with  a  peck  acceleration  of  49G  and  a  mean  acceleration  of  31G. 

Because  of  the  increased  rate  of  onset  and  the  high  maximum  acceleration, 
this  acceleration  environment  would  likely  produce  a  more  severe 
effect  upon  a  hutnnn.cccupcnt  then  the  occupant  acceleration*  cx. 

either  of  tho  15G  teats.'  iu  the  first  two  teat  carles. 

(Reference  accel  v  Aticti' t*m»*  cksvmj  r.n  Figure  7  and  tee  Appendices. ) 


This  tact  predated  more  defonoaticn  of  the  armored  seat  support 
structure  thu**  was  cMpevi.e'iced  in  revUe r  teett,  wise,  Indicating 


Vh.  »-  '>  ’...i.  -Vvsi-.pjd  iu  tluh  ,':t  \  ..h:.u  the  r,trnc«>«v,.l  limits 


for  tV -  t'crt.  Th»!  most  ubv 


•ji»  d*  formation  which  indicated 


imoendi.is  structure l  failure  was  forward  bending  cf  the  right «  ft 


vei-ticAl  »v  pi  vrt  tub-  TJ«  r.uat  v:t.~  r..i<*ed  to  'U  positioo 


for  t Ms  teat,  and  the  support  tube  bent  nt  the  Icectiom  of  the  highest 
exposed  vertical  positioning  hole.  This  bending  can  be  seen  in 
Figure  4.  Two  cracks  appeared  in  the  right  (sliding)  side  armor 
plate  lower  support  br&che*  &#  shown  in  Figures  5  <ad  6,  and  this 
armor  panel  came  cut  of  tbs  upper  slide,  but  remained  in  place. 


Tho  right  forward  comer  of  the  seat  pan  was  permanently  deflected 
downward  1-1/16  inches  and  the  left  corner  was  a  permanently 
deflected  downward  13/16  inch.  Tho  dummy  cc*'t;~ant  settled 
downward  in  the  scat  enough  (approximately  3/4  inch)  to  all r* 
approximately  1-1  /£  inches  of  ulaoJc  in  the  lap  bait.  TMc  permanent 
downward  deflection  'Iff  beneficial  aa  a n  otevgy  absorption  mechanism 
for  vori.ihv.1  impacts.  The  downward  cf  tha  dtzm:»y  in  jfct 


be  cc'Strc  iltd,  ncwciv  r. 


eo  t hut  clad;  dvea  not  develop  in  the  cccttpMtf* 


restraint  havneot  wh’  -'b  can  rdcl  to  a-r»pl\£h.«. 
atcolaraUwsu  Ia  ccaihir  ..A  vertical  and  tongi 


.11  *  n  cf  f  -icup.:nt 
iud  V.  t\l  &.CCGleV£t 


:n\ 


e&viroura&nto. 


Tho  oevwrlty  ef  the  ttccderr.tloa  «:-‘js«r,<mcetl  V*  thy  or.ctip.--nl  it; 


this  tost  rervec  io  point  up  the  r.e*d  tW  lu'gh  aivn-g}  ah#  o.v^tiaa 

to  provide  cdecju'-ifa  occupant  pr-?l..ct,ut»  vatic  r  t  v.-  -.  :;.io;h,-*atrly  ?«*w  .•<■ 

inrpret  co^ditier.*- . 
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The  f.G  n«crl  r..Ut  .i  level  tr;; 


i.  ii-fv?  Si'. 


c.  .M 


ir<i 


Cvi  t  l- 


this  •■.»•;*:• 


r.if 


<-c.t  .> 


i.  '  *  *  i  > » 


SecojxJ  Te*t  Serf.©* 
(January  II,  1?66’ 


CO  <<  © 


O  M  05  O' 
M  <U  n3  t*5 


»r>  -t  i*»  © 

^  'I1  if) 


H 

C,  C3  -O 

in 

m  'O  m 

o 

r«| 

^  nj 

rt 

H  K  IM  Ul  h  H  fO  (0M'?l~n'3‘CDf'U0  WONnOtfitflOO 

«-«  f>3  (V:  M  CM  (V2  -i  <U  JO  00  cn  Kt  \n  ■'•0  Hi  <vj  U1  n't 


in  o  ei  co  c-  t'  ui  c  -i 

••1  <*t 


*»  ,<5  r* 

*M  C-I)  ■•’' 

O  .r 

P  £m  *?< 


V  <+  w 

s3  *3 

O  SJ  r* 

CO  10  R 
»<* 

2  2  « 


cp  tS  it  * 

;>  ••,<  sv>  rJ 

to  «  to  s 


*»  5:5  s 

<i  fj  £ 

rj  ^ 

P*  -V 

i  >4  p 

<■)  •*.'  «v 
1.1  /*  d 
o>  o  O 
ti  CO  CO 

’O  M  *0 
0)  ;.)  a> 
•■«  ?•< 
O  v?  0 

p.  n  s 

iM  M  ?: 


o  h  o  »n  o  m  m 

■H  H  H  H  r4  1—1  H  r«4 


..-  y  .  * 

<s  r  '.}  >  *<3 

*  -»  2f  .  m i  »•» 

5>v  r*  •’*  «  5J 

•  #  *  *♦ 

...  rr 

A  *  *  :  ,  •?  £* 

l  S  B  r  ?  B  8 

(0  (3  fi  »  .T?  jj  jrj 

P  $  Q  d  £  f  4  & 

JL  ^  £.  ri  0  <J  .•.! 

E  «  O  c'  °  «  r> 

D  %  (0  ®  '■•>  CO 

■y  »r|  •«  V1  “>M  %*  N3 

t!  Si  n  ?>  p  p  p 

41  >$  .§  8  S  3  S 

'  ii  $  H  8  8  8. 

-  -  -  ^  4  %  A1 


in  <*  *4'  «\J  O  rvj  tft  DO 

H  fH  ^  (C  ^  ^ 


CO  Hi  ifj  'S 


Q  P 

*H  H 

'«  f 

E  tr 

0!  E  p 

f.:’  m  •■•: 

0  4i  ni 

a  ’•:•'•  -v 
<•»  •;■•  *r 
U  I''  .y 
P  CO  '0 


r*-.  r1' 

2  P  «  , 
r.  f  • 

y  p  A  i 

p  p  ■— 

*»  is 
a>  -.J  5: 

o  a  o 

j;,  -a  w 

y;.  ^  'S 
i.  £ 

h 

’O  •<•  « 

H  o  c 

J1  >>•) 


_  N  J* 

%  B  B 

w  3  a 


*»  ** 

r4  fit  re 

«  ;‘J  O 

W  -rj  o 

’S3  '0  '•? 
o  «  c; 
M 

O  C  '1‘ 
$  p  ‘i: 

I’i  «  »< 

k  ^  ^ 

m-Y  r  ■* 

-s  *‘‘1  r-\ 


•J  h 

«  P  -t5 

^  6 
nl  •■.' 
h  ,<S 

4',  OP  >■'  , 

C  *J  7:  ':! 
c>  rc  .v 


,.l  * 

<  e.  «  ,  r 

p  !|  ( 
n  m  \>  •  ■' 

^  ry  i.,  .- 

Hi  P  .-'• 


d  .  >’  N 

.'1  E  1i 

**  ^  <f 


e  .I  t  ’  • 
•7.  to,  f  - 


cy  J  v 

M*  n 

\  ...  •  »*!  •' 

l*«  f, 

O  '■  ».« • 1 

<•’  /:  k  'r'’ 

r-j  .» •  .  i 


Q.  ft;  .t 


*  V 

'•>  .«  ^  . 
m  ...  y 
;>  <•<  >-•  v 

•  ,  -T'  ft  ■  i 

,  H  <.)  -~- 

’  V  *  .  ’ '  ■>., 

o  '{'  i"  ^ 

Vi  M  ;•'  V.: 
.•t  ‘‘t  K*  -■  5 


SUMMARY  OF  ACCELEROMETER  DATA 
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Figure  7.  UH-1R/D  Armored  Seat  Test  No,  1  With 


Results  of  May  1965  and  January  11,  1966 
Tests  Superimposed. 
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Figure  10.  UH-1B/D  ARMORED  SEAT  TEST  NO.  2 
TH1KD  TF.ST  SEMES. 
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ARMORED  SEAT  OCCUPANT  HEAD  ACCEL.  VERTICAL 


TIME  (SECONDS) 

Figure  11.  UH-1D/D  ARMORED  SEAT  TEST  NO,  2 
THIRD  TEST  SERIES. 
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APPENDIX  A 

OSCILLOGRAPH  DATA  RECORDED  DURING 


SECOND  TEST  SERIES  -  JANUARY  1966 
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Figure  Al.  UH-1D/D  ARMORED  SEAT  TEST  NO.  1 
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APPENDIX  B 


OSCILLOGRAPH  DATA  RECORDED  DURING 
FIRST  TEST  SERIES  -  MAY  1965 


UH-1D  SEAT  OCCUPANT  PELVIC  ACCEL.  -  VERT. 


ARMORED  SEAT  ACCEL.  -  VERT.  (LEFT) 


ARMORED  SEAT  OCCUPANT  PELVIC  ACCEL.  -  VERT. 


UII-1D  SEAT  OCCUPANT  PELVIC  ACCEL.  -  VERT. 


ARMORED  SEAT  ACCEL.  -  VERTICAL  (RIO.  f) 


Figure  B6.  Ui;-iI3/J)  SEAT  TEST  NO.  >. 
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Figure  B8.  UH-1B/D  SEAT  TEST  NO.  3. 
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